ensemble spread reflects the effects of internal variability.
model studies 9, 10 .
94
The long-term internal variability
effects on projected centennial 95 DSL trends is estimated from the ensemble spread (Fig. 2c,d ). (see also Supplementary Fig. 1 ). An exception is the subtropical west 13 Pacific (Fig. 2c ).
14
The signal-to-noise ratio (Fig. 2e) , defined as the ratio of 15 the ensemble mean (Fig. 2a ) and ensemble spread (Fig. 2c) , is (not shown) but yields shorter 30 values, meaning that the forced response emerges earlier from the 31 background noise. When considering the 2σ threshold (Fig. 3a) , the 3σ threshold is applied (Fig. 3b) the North Atlantic and Southern Ocean (Fig. 2d) , indicating in 57 these regions a large ocean initial condition contribution to the 58 spread in the first ensemble ( Fig. 2c and Supplementary Fig. 5 ).
59
Consequently, the signal-to-noise ratio becomes larger in these two 60 regions (Fig. 2f) .
61
We now consider the linear DSL trends projected by the CMIP5 62 models (Supplementary Table 1 ) applying three future scenarios: (Fig. 2c) . Signal-to-noise ratios calculated from the three 88 CMIP5 ensembles (Fig. 4g-i) are generally smaller relative to those 89 obtained from the KCM (Fig. 2e) , but individual CMIP5 models 90 exhibit signal-to-noise ratios consistent with those from the KCM
91
( Supplementary Fig. 6 ). Comparison of Fig. 4e with the middle Southern Ocean seems to be a region of favourable signal-to-noise 5 ratio in both the KCM and CMIP5 models. However, the rectifying suggests an extension of the global ocean observing system to below 19 2,000 m ( Supplementary Fig. 4 Fig. 1 ).
38
Mean DSL averaged over 1993-2012 (used for model verification, Fig. 1 CMIP5 results are shown where the CO 2 concentration increases by 1% yr −1 . We note that the CO 2 concentration in the CMIP5-1%CO 2 scenario is continuously
